Introduction {#s1}
============

Recent advances in the care and treatment of CF have led to improved mortality rates; therefore, considerably more individuals with CF are living into adulthood ([@B1], [@B2]). In 2014, 50.7% of individuals with CF in the United States were over the age of 18 ([@B3]). Furthermore, studies report median survival rates of more than 50 years for individuals with CF born in the year 2000 or later ([@B4]). Thus, there is a need to better understand the impact of long-term care and quality of life issues among the aging CF population.

In addition to a range of medical treatments, dietary modifications are required to manage CF. Hypercaloric diets (high-fat, high-protein) are prescribed to reduce malnutrition risk and obtain/maintain optimal growth ([@B5]--[@B8]). Nutritional supplementation (orally or enterally) may also be required to promote adequate intake of energy and nutrients ([@B6], [@B8]). Of note, compliance with the CF diet is generally poor; estimated adherence is 40--55% ([@B9], [@B10]). Research has found that social, behavioral, and physical factors influence the ability of individuals with CF to follow dietary recommendations ([@B5], [@B8], [@B11], [@B12]). Though Sullivan and Mascarenhas advocate for food insecurity screening by health professionals working with the CF population ([@B13]), food access as a socio-economic factor has not been adequately investigated as a nutritional risk factor among individuals with CF. This community case study aimed to document the experiences and estimate the prevalence of food insecurity in an Idaho-based CF population. The correlation between food insecurity and health outcomes was also assessed.

Background and rationale {#s2}
========================

CF is a genetic condition causing physiological impairments resulting in the production of thick, sticky secretions in several glands and organs. A buildup of mucus in the lungs leads to persistent and progressive lung infections; thereby, a patient\'s ability to breathe independently diminishes, and the risk for respiratory failure escalates. A buildup of mucus in the pancreas impairs digestion and increases a patient\'s risk for a myriad of vitamin and mineral deficiencies as well as malnutrition ([@B14]). A large, multi-site trial reported a malnutrition rate of 26.8% among people with CF in the United States ([@B15]).

In 2013, CF disease management costs for patients in the United States were estimated at \$15,571 per patient per year; \$306,000 per patient across a lifetime; however, based on clinical experience, the financial burden may be more substantial ([@B16]). Given that CF is a progressive condition, as a patient ages, medical costs also escalate ([@B16], [@B17]). In the United States, annual costs for individuals with mild, moderate, and severe symptoms are estimated at \$10,151, \$25,647, and \$33,691, respectively ([@B16]).

Patient self-care or parent/caregiver tasks can also require an extensive time commitment and cause an impact to financial status. For example, the average patient/parent must spend 2 h every day performing complex homecare therapies, one of which is ensuring adequate dietary intake ([@B1], [@B18]). If a CF patient develops an acute pulmonary exacerbation, additional treatments are required and hospitalization for an extended period (two weeks or longer) may be necessary ([@B18]). In addition to high medical expenses, complications of CF may result in lost work time for patients and/or family caregivers translating to overall lower household incomes and financial strain ([@B16]).

The United States Department of Agriculture (USDA) defines food insecurity as a household-level economic and social condition of limited or uncertain access to adequate food ([@B19]). In 2014, the food insecurity rate in the US was 13.7% ([@B19]). Idaho estimates were 14.7%, or about one in seven Idahoans ([@B19]--[@B21]).

Nearly one-third (30.6%) of individuals with chronic disease experience food insecurity ([@B22]). Prior to this study conducted at the St. Luke\'s CF Center of Idaho, the incidence of food insecurity among the CF population living in Idaho had not been well-studied. However, McDonald et al. ([@B23]). evaluated nutrition knowledge and food security among parents of pediatric CF patients attending clinics in the Mountain West region---Arizona, Colorado, New Mexico, and Utah. The overall level of food insecurity among families with at least one child with CF was 26.3%, double the average rate of food insecurity for the general population residing in that geographic region ([@B23]). Furthermore, there appears to be a dearth of research on the prevalence of food insecurity among adult CF patients, which proves this case study innovative in looking into the aging adult CF population.

Failure to comply with CF dietary guidelines because of food insecurity can put an individual with CF at greater risk for impaired nutritional status and, ultimately, malnutrition. Malnutrition, in turn, may lead to a spiral of increased pulmonary infections, diminished lung function, and ultimately decreased survival ([@B8], [@B24]). In contrast, optimized or improved nutritional intakes have been shown to postpone declines in pulmonary function, thereby decreasing early mortality ([@B8], [@B25]). Food insecurity is also associated with higher rates of anxiety and depression---and these mental health conditions may decrease a CF patient\'s adherence to therapies needed to maintain optimal health ([@B12], [@B26]).

Setting {#s3}
=======

This community study was implemented at the St. Luke\'s CF Center of Idaho between August 2013 and March 2015. The protocol, which included a computer-based survey plus the collection of both lung and body mass biometrics, was conducted during routine quarterly visits with a multidisciplinary team of health care providers. The St Luke\'s Health System Institutional Review Board evaluated and approved all aspects of the study. Consent was obtained using the St. Luke\'s Institutional Review Board-approved form.

Data collection tools were developed using Research Electronic Data Capture (REDCap) which is HIPAA-compliant and designed to support collection and management of confidential data for clinical research studies and made available from the Institute of Translational Health Science (ITHS) via grant UL1 RR025014 ([@B27]).

The survey instrument employed for this study was the Mountain West Cystic Fibrosis Consortium Questionnaire (MWCFC-Q). MWCFC-Q was developed by McDonald et al., who used it to assess food insecurity among CF pediatric patients residing in the western United States ([@B23]). Due to wanting to investigate both pediatric and adult CF patients, the tool adapted questions from both the Childhood Hunger Identification Project and the Short Form of the 12-month food security scale of the USDA, Food and Nutrition Service ([@B28]). Content and face validity, as well as reading level (grade 7--8), were established for the tool. In addition to queries regarding access to food, information on usage of food assistance programs was collected. Demographics (age, gender, and educational levels for both patients and parents) were also requested.

Lung function metrics were collected for participants over the age of 6 years utilizing a MicroLoop spirometer; forced expiratory volume in 1 s (FEV~1~) was measured using National Health and Nutrition Examination III (NHANES III) predicted equations ([@B29], [@B30]). FEV~1~ is considered to be a reliable measure of therapeutic efficacy and disease progression; an FEV~1~ \>80% predicted value is associated with greater lung function and better nutritional status ([@B8], [@B12]). Height, weight, BMI, and compliance with dietary modifications were assessed by a registered dietitian nutritionist (RDN). In addition to an indicator of nutritional status, among the CF population, BMI strongly correlates with lung function and rate of lung function decline ([@B8], [@B12], [@B13]). For individuals with CF, clinical guidelines for ideal BMI correlate to achievement of optimal lung functioning (FEV1); depending upon the patient\'s age, clinicians employ either the World Health Organization (WHO) or Centers for Disease Control and Prevention (CDC) reference charts ([@B13]). For children under 2 years, a BMI of \> 50 percentile per WHO charts is optimal; for those 2 years and older, the ideal BMI is ≥50 percentile per the CDC standards. CDC BMI goals are used to assess BMI among adults with CF, goals are ≥ 22 kg/m^2^ for women and ≥23 kg/m^2^ for men ([@B13], [@B31]).

Data were collected from patients/parents using a tablet computer. The research coordinator entered BMI and pulmonary function data into the patient survey that was accessible on the tablet. Then, the password protected tablet was provided to the adult CF patients or the parents of children with CF for completion of the survey questions.

Statistical analyses were performed using Statistical Package for the Social Sciences version 23.0, 2015 (SPSS/PC; IBM Corp., Armonk, New York) with a statistically significant *p*-value set at 0.05. Confidence intervals were calculated using the online Sample Size Calculator provided by the University of California San Francisco\'s National Center for Advancing Translational Sciences.

Results {#s4}
=======

Across 20 months, 44 adults with CF and 43 parents of children with CF participated in the study. Most of the CF parents were between 26 and 40 years (72%); 43% of the adult CF patients were within this age range. An equal number of adult CF patients (43%) were between 18 and 25 years. Comparable numbers (37 and 39%) of CF parents and adult CF patients had some years of college education; however, more of the CF parents were college graduates (30 vs. 18%). A small percentage (16%) of parents had more than one child with CF. Table [1](#T1){ref-type="table"} provides a summary of the demographics and biometrics of patients/parents participating in the survey.

###### 

Demographics of study patients with cystic fibrosis.

                                                            **Adult with CF (18-50+ years)**   **Child with CF (\< 1 to 17 years)**   **Parent of a child with CF[^\*^](#TN1){ref-type="table-fn"}**
  --------------------------------------------------------- ---------------------------------- -------------------------------------- ----------------------------------------------------------------
  Number of participants                                    44                                 43                                     43
  **GENDER**                                                                                                                          
  Male                                                      21                                 Not collected                          7
  Female                                                    23                                                                        36
  **EDUCATION**                                                                                                                       
  Some high school                                          3                                  Not collected                          2
  High school                                               12                                                                        8
  Some college                                              17                                 NA                                     16
  College graduate                                          8                                  NA                                     13
  Some graduate school                                      1                                  NA                                     1
  Master\'s degree or higher                                3                                  NA                                     3
  **SUPPLEMENTAL FOOD PROGRAMS**                                                                                                      
  Number of participants receiving food assistance          12                                 29                                     29
  **BODY MASS INDEX**                                                                                                                 
  Malnourished: \< 10th percentile                          NA                                 2                                      NA
  Underweight: \< 50th percentile                           NA                                 20                                     
  Normal/healthy weight: \> 50th to \< 95th percentile      NA                                 9                                      NA
  Overweight/obese: ≥ 95th percentile                       NA                                 2                                      NA
  Underweight: \< 18.5 kg/m^2^                              4                                  NA                                     NA
  Normal/healthy weight: 18.5--24.9 kg/m^2^                 31                                 NA                                     NA
  Overweight: 25--29.9 kg/m^2^                              7                                  NA                                     NA
  Obese: \> 30 kg/m^2^                                      2                                  NA                                     NA
  **FORCED EXPIRATORY VOLUME IN ONE SECOND (FEV**^1^**)**                                                                             
  Normal: FEV~1~ \> 90                                      6                                  10                                     NA
  Mild obstruction: FEV~1~ 70--90                           10                                 10                                     NA
  Moderate obstruction: FEV~1~ 40--70                       23                                 4                                      NA
  Severe obstruction: FEV~1~ \< 40                          4                                  0                                      NA
  Testing not done (\< 6 years old)                         NA                                 19                                     NA

*Applicable data was collected on parents who completed surveys for their children. NA, Not applicable*.

The children with CF ranged from 1 to 17 years; adults 18 to over 51 years. Two children had BMIs within the overweight/obese range (\>95th percentile); 22 had BMIs indicative of nutritional risk---20 \< 50th percentile and 2 \< 10th percentile. Two adults had BMIs within the obese range (\>30 kg/m^2^), and seven were overweight (25--29.9 kg/m^2^); four had BMIs indicative of nutritional risk (\< 18.5 kg/m^2^). The mean BMI for both adults and children with CF was within normal limits and optimal range. Table [1](#T1){ref-type="table"} contains a breakdown of BMI for the CF patients in this study.

The average FEV~1~ percent predicted value for the children with CF was 84.0 (std. dev. 20.1). The minimum FEV1 percent predicted was 42 and the maximum was 124. For adults with CF, FEV1 percent predicted ranged from 27 to 110, with an average reading of 64.8 (std. dev. 21.1). More than one third of adults with CF (36.4%) had FEV~1~ percent predicted in the mild disease to normal range (70 to \>90%)−46.5% of children. Less than 1% of the adults (4/44) and none of the children in the study had FEV~1~ percent predicted readings in the severe range (\< 40%). Overall, the mean FEV~1~ for this patient pool was minimally below normal limits. See Table [1](#T1){ref-type="table"} for more detailed information on pulmonary function readings.

Tables [2](#T2){ref-type="table"}, [3](#T3){ref-type="table"} summarize compiled findings of the food insecurity survey. One--third (32.6%; 95% CI 19--49%) of parents of children with CF and 43% (95% CI 28--59%) of adults with CF reported that they worried food would run out before they could afford to buy more groceries. Nearly half of the parents (46.5%, 95% CI 31.2--62.3%) revealed that, in the past 12 months, groceries did not always last until there was a new source of funds to replenish the supply. Adults with CF responded similarly---40.9% (95% CI 26.3--56.8%) said that they always/most of the time/sometimes ran out of food in the last 12 months.

###### 

Results of food security tool completed by parents of children with cystic fibrosis.

                                                                                                                                                                         **Always**   **Most of the time**   **Sometimes**   **Never**   **Prefer not to answer**
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------ ---------------------- --------------- ----------- --------------------------
  In the last 12 months, have you worried whether your food would run out before you got money to buy more?                                                              2            0                      12              29          0
  In the last 12 months, has the food you bought lasted until you had money to buy more?                                                                                 23           11                     7               2           0
  In the last 12 months, have you or other adults in the household cut the size of your meals or skipped meals because there wasn\'t enough money for food?              0            1                      6               36          0
  In the last 12 months, how often did you serve punch or water with a meal because you didn\'t have money to buy milk?                                                  0            1                      3               39          0
  In the last 12 months, have you or your children eaten with friends or relatives because you didn\'t have money to buy food?                                           0            0                      6               37          0
  In the past 12 months, have you bought all the basic foods (meat, milk, cheese, fruits and vegetables) your family eats without worrying about the cost of the food?   20           14                     7               2           0
  In the last 12 months, have you bought extra foods (butter, sour cream, peanut butter) for your child with CF without worrying about the cost of the extras?           20           14                     6               3           0
  In the past 12 months has your child with CF used liquid food supplements that are taken by mouth?                                                                     16           7                      9               10          1
  In the past 12 months, have you had to decide between buying medications and food for your CF child?                                                                   0            0                      3               40          0
  In the past 12 months, has your child with CF used any type of feeding given by a tube into the stomach?                                                               6            1                      0               34          2

###### 

Results of food security tool completed by adults with cystic fibrosis.

                                                                                                                                                                                **Always**   **Most of the time**   **Sometimes**   **Never**   **Prefer not to answer**
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------ ---------------------- --------------- ----------- --------------------------
  In the last 12 months, have you worried whether your food would run out before you got money to buy more?                                                                     2            1                      16              25          0
  In the last 12 months, has the food you bought lasted until you had money to buy more?                                                                                        26           8                      8               2           0
  In the last 12 months, have you or other adults in the household cut the size of your meals or skipped meals because there wasn\'t enough money for food?                     1            2                      6               34          1
  In the last 12 months, how often did you serve punch or water with a meal because you didn\'t have money to buy milk?                                                         1            3                      4               36          0
  In the last 12 months, have you eaten with friends or relatives because you didn\'t have money to buy food?                                                                   0            0                      11              33          0
  In the past 12 months, have you bought all the basic foods (meat, milk, cheese, fruits and vegetables) you or your family eats without worrying about the cost of the food?   16           11                     11              6           0
  In the past 12 months, have you bought extra foods (butter, sour cream, peanut butter) without worrying about the cost of the extras?                                         17           9                      9               9           0
  In the past 12 months have you used liquid food supplements that are taken by mouth?                                                                                          3            8                      14              19          0
  In the past 12 months, have you had to decide between buying medications and food?                                                                                            1            3                      7               33          0
  In the past 12 months, have you used any type of feeding given by a tube into the stomach?                                                                                    0            3                      2               39          0

About 7% of parents of children with CF indicated sometimes choosing between buying medications and food in the last 12 months (95% CI 1.5--19.1%). The incidence was higher among adults with CF---25% responded that they always/most of the time/sometimes had to make this choice (95% CI 13.2--40.3%).

Children with CF appear to be less food insecure than their adult counterparts. They were more likely to have access to sufficient amounts of food (46.5% of pediatric vs. 36.4% of adult patients) and families of children were more apt to purchase extra foodstuffs (46.5% of families with CF vs. 38.6% adults with CF).

In both adult and pediatric CF populations, no significant correlation emerged between either BMI or FEV~1~ and responses to the two key food insecurity questions: "Were you worried your food would last before you got money to buy more?" and "Has the food you bought lasted until you had money to buy more?" (*p* \> 0.05). There was also no significant association found between BMI/BMI percentile and FEV~1~ (*p* \> 0.05; *r* = 0.24), or only BMI percentile and FEV~1~ (*p* \> 0.05; *r* = 0.16).

Data were also collected on the quality, variety, and desirability of dietary intakes. For instance, 18.2% of adults with CF (95% CI 8.25--32.7%) and 16.3% of parents of children with CF (95% CI 6.8--30.7%) reported that they most of the time/sometimes cut the size of meals or skipped meals because of financial restrictions. Indeed, when asked if they could have any food they wanted, many participants listed protein foods (chicken, hamburgers, seafood, steak, cheese) and potatoes (chips, baked, mashed). These foodstuffs are examples of high calorie, high-fat options recommended in CF dietary guidelines.

Among this population, 76.2% of the children with CF consumed liquid food supplements; in comparison, only 25% of the adult patients in the study did. In addition, 17.1% of the children and 11.4% of the adults employed tube feeding to meet caloric needs. Thus, treatment protocols for these patients include the added expense of purchasing liquid food supplements and tube feed supplies.

The question of the need to utilize food assistance programs due to limited resources was also investigated. Among study participants, 15% of CF adults and 26% of CF parent respondents reported participating in the Supplemental Nutrition Assistance Program (SNAP). The second most common assistance program utilized was free or reduced-price school lunches; 19% of CF parent respondents reported that their children relied on these meals. More than two thirds (68%) of CF adults did not use food assistance resources; over half (56%) of parents of children with CF also noted not leveraging such options. Furthermore, 41% of the adults and 40% of the parents said they would ***not*** access food assistance resources if they met income requirements for these benefits. Additional details of food assistance program utilization rates are summarized in Figure [S1](#SM1){ref-type="supplementary-material"}.

Discussion {#s5}
==========

While the burden of medical costs and self-care regimens has been documented, research is scant on the prevalence of food insecurity and its potential impact on time and financial burdens and, thus, on the health outcomes in this population. Among this group of Idahoans---adults with CF and parents raising children with CF---concerns about food/nutrition supplement costs and accessibility emerged. Compared to the community at large, food insecurity rates were found to be significantly more prevalent among study participants. The percentage of food insecure patients in both study groups (parents of children with CF 33%; adults with CF, 43%) was more than double and nearly triple state levels of food insecurity (15%) ([@B21]). Furthermore, the prevalence of food insecurity was higher than reported by an earlier study conducted in other states in the Mountain West region of the United States (26.3%) ([@B23]).

The types of foods desired by CF patients implies that food insecurity may inhibit compliance with dietary needs (high-protein/high-fat foods). In addition, the survey found that when the money runs out, patients and families are not able to purchase adequate amounts of food or the medically-necessary nutrition supplements/formulas most CF patients rely on for optimal nutrition. This finding suggests that some patients/parents with limited resources might forgo required medications in order to purchase adequate food. Clinical experience has found that insurance often does not cover these nutrition supplements/formulas (even if prescribed by a provider). Thus, the findings around food insecurity and CF patients emphasize the need to address this gap in insurance coverage. Indeed, optimal dietary intake is necessary for maintaining health in CF patients; therefore, ideally insurers would also cover required food purchases.

The study also explored the correlation between food insecurity and both BMI percentile/BMI and FEV~1~; no significant associations emerged between these health metrics and food security among this CF population. Furthermore, despite the overlap between overweight/obesity and food insecurity among other populations ([@B32], [@B33]), food insecurity was not linked to obesity among study participants.

Research correlates food insecurity with higher utilization of health care. A recent study analyzing food insecurity and health care expenditures in the United States from 2011 to 2013 (*n* = 16,663) found that expenditures for hospitalizations and prescription medications were higher among the food insecure (\$493.41 greater per year, *p* = 0.03 and \$779.36 greater per year, *p* \< 0.0001, respectively) compared to their food secure counterparts ([@B34]). A Canadian study (*n* = 67,033, 18--64 years) compared health care costs for inpatient hospital care, emergency department visits, physician services, same-day surgeries, home care services, and prescription medications with severity of food insecurity. Compared to food secure households, health care costs for marginally food insecure households were 16% higher (95% CI, 10--23%); 32% higher for moderate food insecurity (95% CI, 25--39%); 76% higher for severe food insecurity (95% CI, 65--88%) ([@B35]). Analysis of the Australian Cystic Fibrosis Data Registry correlated a one point improvement in FEV~1~ percent predicted to a 1.4% decrease in health care costs ([@B17]).

The results of this study and previous research demonstrate the value of assessing food security among all aged individuals with CF and their families, and addressing food insecurity as aggressively as possible. While the 6-item survey used for this study could be cumbersome to administer, a two-question tool is available, which has been validated for use with both child and adult populations ([@B36], [@B37]). Some health care organizations have already incorporated this screening into their electronic health records ([@B37], [@B38]). The two food security screening questions ask respondents to indicate "often true, sometimes true, never true, or prefer not to answer" to the following statements:

In the last 12 months, we worried whether (my/our) food would run out before (I/we) got money to buy more.

In the last 12 months, the food that (I/we) bought just didn\'t last and (I/we) didn\'t have money to get more ([@B37]).

The study has several strengths. The survey tool leveraged the MWCFC-Q validated questions on food insecurity and the participants were both from a defined catchment area and seen at a single center. The study\'s scope went beyond the traditional evaluation of the impact of CF on children, adding new insights into the quality of life among adults with CF. The small sample size, however, may limit the ability to generalize the findings to CF population at large. In addition, the volunteer participation model risks the introduction of self-selection bias; however, given that about 70% of the St. Luke\'s Cystic Fibrosis Center of Idaho patients participated in the study the risk for selection bias was diminished. Furthermore, because they were below the age for evaluating lung functioning, FEV~1~ tests were not done on 19 of the 43 children with CF (42.2%); thus, the lack of correlation between food insecurity and lung health may not be generalizable to children age six and under. Lastly, this study did not consider the impact of confounding variables, such as socioeconomic factors often found among food insecure populations (lower income level, less education, single parent households).

Conclusion {#s6}
==========

Food insecurity is highly prevalent among Idahoans with CF; rates are significantly above the rate for the general population in the state. Furthermore, food insecurity may impact a patient\'s ability to adhere to the required dietary modifications and overall treatment protocol for CF, as well as, lessen their chances of an improved quality of life as they age. Though no significant correlations precipitated with regards to food insecurity and lung function or BMI, the importance of providers querying patients/parents about this social determinant of health emerges. A validated, two-question survey tool is available for screening patients and families about food access issues.

One surprising finding in this study was the degree of reluctance among patients/parents to utilize food assistance programs. Further investigation into this issue and how to sensitively encourage patients and families to leverage these programs is needed. Thus, the importance of CF providers (physicians, advanced practice providers, social workers, dietitians, and nurses) being knowledgeable about what food assistance resources are available in their area and coordinating information and referrals for such services surfaces.

Finally, this study, combined with results from McDonald et al. highlights the value of CF advocacy organizations promoting efforts to address and the education around food access concerns ([@B26]). For example, additional research designed to enhance the specifics of food insecurity problems among the whole CF population (from pediatric to aging adult), development of innovative assistance programs, improved access and support for current assistance programs, and lobbying for insurance coverage of nutrition supplements/formulas would be highly valuable.
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